Abstract. For the n-dimensional spherical pedal curve ped γ,P with respect to an n-dimensional spherical unit speed curve γ and a given point P ∈ S n , we define the spherical orthotomic curve of γ relative to the point P , and classify singularities of spherical orthotomic curves.
Introduction

Throughout this paper, let I, S
n be an open interval and the unit sphere in R n+1 respectively. Plane pedal curves and plane orthotomic curves are the classical topics in differential geometry (for instance, see [1] ). In [1] , J.W.Bruce and P.J.Giblin introduce the relationship between plane pedal curves and plane orthotomic curves.
In [4] , J.Xiong defines the spherical orthotomic in S 2 . Unfortunately, if the sphere is of n-dimension, [4] never treats. Moreover, when the point P is on the curve γ, the spherical orthotomic is not treated in [4] . Therefore, it is significant to study the spherical orthotomic curves and classify their singularities in n-sphere from the viewpoint of spherical pedal curves. In this paper, by using the spherical pedal curves, we define the spherical orthotomic curves in n-sphere and study their singularities.
Definition 1. ([2]). A regular curve γ : I → S
n is called a spherical unit speed curve if the following u i : I → S n (1 i n − 1) is inductively well-defined:
In [2] , the following is shown.
Lemma 1. ([2]
). For any s ∈ I and any integers i,k such that −1 i < k n−1, we can hold the following:
Here, the dot in the center means the scalar product of two vectors of R n+1 .
Definition 2. ([2]
). Let γ : I → S n be a spherical unit speed curve. (1) Define the unit vector u n : I → S n by det(u 0 (s), . . . , u n−1 (s), u n (s)) = 1.
The map u n : I → S n is called the dual curve of γ. By using the dual curve u n , we can define κ n as follows. (2) Define κ n : I → S n by
From Definition 1 and Definition 2, we can give the definition of spherical orthotomic curves in n-sphere as follows:
Definition 3. Let γ : I → S n be a spherical unit speed curve. Let P be a point of S n − {±u n (s)|s ∈ I}. A map α : I → S n is called a spherical orthotomic curve denoted by ort γ,P : I → S n , if the following are satisfied:
ort γ,P (s) is the unique point in (RP + Rped γ,P (s)) ∩ S n .
When P ∈ {u n (s)|s ∈ I}, ort γ,P : I → S n is defined as follows: Theorem 1. Let γ : I → S n be a spherical unit speed curve and let P be a point of S n − {±u n (s)|s ∈ I}. Then, for any s 0 ∈ I, the map-germ ort γ,P : (I,
Combining Theorem 1.1 of [2] and the above Theorem 1, the following corollary is obtained.
Corollary 1.
When the dual curve germs are non-singular, singularity types of spherical orthotomic curves depend only on locations of points P . Thus, for instance, we have the following:
un−2(s0) if and only if the map-germ ort γ,P : (I, s 0 ) → S n is C ∞ left-equivalent to the map-germ given by s −→ (s, 0, . . . , 0).
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2. For any i (0 i n − 2), the point P is inside S i ui(s0) − S i−1 ui−1(s0) if and only if the map-germ ort γ,P : (I, s 0 ) → S n is C ∞ left-equivalent to the map-germ given by the following:
Combining Theorems 2 and 3 of [3] and the above Theorem 1, the following corollaries are obtained.
Corollary 2. Let γ : I → S n be an n-dimensional spherical unit speed curve. Suppose that P ∈ S n un(0) −S n−1 un−1(0) . Then the following holds. 1. If κ n has an A k -type singularity at 0 (0 k n − 2), then the map-germ ort γ,P : (I, s 0 ) → S n is C ∞ left-equivalent to the map-germ given by
).
2. If κ n has an A n−1 -type singularity at 0, then the map-germ ort γ,P : (I, s 0 ) → S n is C ∞ right-left equivalent to the map-germ given by
Corollary 3. Let γ : I → S n be an n-dimensional spherical unit speed curve. Suppose that κ n has an A 0 -type singularity at 0. Then the following hold. if and only if the map-germ ort γ,P : (I, s 0 ) → S n is C ∞ right-left equivalent to the map-germ given by
3. The pedal point P is inside S This paper is organized as follows. In Section 2, properties of spherical pedal curves are reviewed. Section 3 devotes to investigate properties of spherical orthotomic curves. Finally, in Section 4, Theorem 1 is proved.
Spherical Pedal Curves
In [2] , the second author gives the following definition of spherical pedal curves in S n :
Definition 8. ([2] ). Let γ : I → S n be a spherical unit speed curve. Let P ∈ S n be a point outside {±u n (s)|s ∈ I} . Then, ped γ,P : I → S n is defined as fllows:
ped γ,P (s) = the unique nearest point in S n−1 un−1(s) f rom P.
Lemma 2. ([2]
). For any s ∈ I, by subtracting (P · u n (s))u n (s) from P , we can obtain the vector P − (P · u n (s))u n (s) in R n+1 which is positive scalar multiple of ped γ,P (s). Normalize this vector, we can hold the following formula:
By Lemma 4, we can find that Lemma 3 is equivalent to the following:
n be a spherical unit speed curve. Let P ∈ S n − {±u n (s)|s ∈ I}. Then, Ψ P : S n − {±P } → S n is defined by:
Property 1. ([2])
. From Definition 5 and Lemma 2, we can find a property of ped γ,P (s) as follows:
By Lemma 4 and Property of Ψ P , Lemma 3 is equivalent to the following Lemma 6:
Lemma 6. ( [2] ). ped γ,P (s) = 0 ⇔ u n (s) = 0 or u n (s) is a singular point of Ψ P .
Spherical Orthotomic Curves
As in Definition 3, from Definition 1 and Definition 2, a spherical orthotomic curve relative to the given pedal curve in S n can be naturally defined. In [1] , J.W.Bruce and P.J.Giblin introduced the relationship between plane pedal curves and plane orthotomic curves. We can see their relationship from Figure 1 . 
We can also find: cos θ = P · ped γ,P (s).
Thus, we have the following.
Lemma 7. ort γ,P (s) = 2(P · ped γ,P (s))ped γ,P (s) − P.
Definition 10. For any P ∈ S n , Φ P : R n+1 → R n+1 is defined as follows.
Lemma 8. Let γ : I → S n be a spherical unit speed curve. Let P be a point of S n − {±u n (s)|s ∈ I}. Then, the following holds.
Proof of Theorem 1
From Sect.3, we can hold the following lemmata.
Lemma 9. ort γ,P (s) = 0 ⇔ ped γ,P (s) = 0 or ped γ,P (s) is a singular point of Φ P .
Lemma 10. The following three hold.
(
n is a singular point of Φ P |S n ⇔ n 2 and P · x = 0.
P roof of the assertion (1) of Lemma 10. We show the assertion(1) of Lemma 10 as follows.
We first show that Φ P (S n ) ⊂S n . Let x be a point of S n . Then, x·x=1 and we have the following:
2 Secondly, we show that Φ P (S n ) ⊃S n . Let y be a point of S n . Suppose that y = −P . Set
Next, suppose that y = −P . Let x be a point of S n such that x · P = 0. Then, 2(x · P )x − P = −P = y. Therefore, Φ P (S n ) ⊃S n . 2 P roof of the assertion (2) of Lemma 10. Set e 1 = (1, 0, . . . , 0). Let R be a rotation matrix such that P R = e 1 . Let x be a point of R n+1 . Set y = xR. Then we have the following:
Here, R t (resp., e t 1 ) denotes the transposed matrix of R (resp., e t 1 ). The above shows that the following diagram is commutative.
Here, R means the rotation defined by x −→ xR. By this commutative diagram, we have the following:
x is a singular point of Φ P . ⇔ xR = y is a singular point of Φ e1 .
⇔ y · e 1 = 0.
x is a singular point of Φ P .⇔ xR = y is a singular point of Φ e1 .
2 P roof of the assertion (3) of Lemmma 10. Finally, we show the assertion(3) of Lemma 10. When n=1, S 1 in R 2 is the unit circle. Set (x 1 , x 2 ) = (cos θ, sin θ).
Then, it is easily seen that Φ P (x) = 2(P · x)x − P = 2 cos θ(cos θ, sin θ) − (1, 0) = (cos 2θ, sin 2θ).
Therefore, we have the following.
Φ P |S 1 (θ) = 2θ. ⇔ J(Φ P |S 1 ) θ = 2 = 0. ⇔ det(J(Φ P |S 1 ) θ ) = 2 = 0.
When n 2, P · x = 0 ⇔ x: singular point of Φ P . ⇔ x ∈ S n , x: singular point of Φ P |S n . Therefore, the assertion(3) of Lemma 10 is proved. 2
Definition 11. For any P ∈ S n ,
• H(P ) is defined as follows:
• H(P ) = {x ∈ S n |P · x > 0}.
From the property of ped γ,P , we can find ped γ,P (I) ⊂
• H(P ). In addition, by Lemma 9 and Lemma 10, the proof of Theorem 1 completes. 2
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